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[METHOD OF FORMING BUMP] 

Cross Reference to Related Applications 

This application claims the priority benefit of Taiwan application serial no. 91 102990, 
filed February 21, 2002. 

M 

n Background of Invention 

I 

B* [0001] Field of the invention 

Ul 

If! 

j^j [0002] The present invention relates to a method of forming a bump. More specifically, 
B* the invention relates to a method of forming a bump that has a substantial 



composition and a well-controlled height. 
[0003] Description of the related art 

[0004] Electronic products containing integrated circuits play an important rolein our 
daily life. In order to meet the demand for user-friendly electronic products of 
compactness and multifunction, higher and higher integration of semiconductor 
devices are necessary and packages thereof are accordingly smaller and smaller. A flip 
chip package technology has been proposed and widely used to achieve the above- 
mentioned requirements. In the flip chip package technology, a bump is formed on a 
bonding pad of a chip. The bump serves to electrically connect the bump to a 
substrate. Compared to a conventional wire bonding and tape automatic bonding, a 
circuit path needed for the flip chip package technology is shorter and therefore its 
electric properties are superior. In some flip chip type packages, a backside of the 
chip is externally exposed to further improve heat dissipation. 

[0005] Figs. 1 -7 are schematic views showing a conventional method of forming a bump 
on a bump pad of a wafer. 
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[0006] In Fig. 1 , a wafer 1 1 0 having an active surface 11 2 is provided. A passivation layer 
114 and at least one bonding pad 1 16 exposed by the passivation layer 1 14 are 
formed on the active surface 1 1 2 of the wafer 1 1 0. 

[0007] In Fig. 2, an adhesive layer 1 20 is formed over the active surface 1 1 2 of the wafer 
1 1 0 by sputtering to cover the bonding pad 1 1 6 and the passivation layer 1 1 4. A 
barrier layer 1 30 is formed, preferably conformally, on the adhesive layer 120 by 
sputtering or plating. Then, a wettable layer 140 is formed on the barrier layer 1 30 by 
sputtering or plating. An under ball metallurgy (UBM) consisting of the adhesive layer 
1 20, the barrier layer 1 30 and the wettable layer 1 40 is thus accomplished. 

h h [0008] In Fig. 3, the UBM is subject to a photolithography process. First, a photoresist 

P 

EJi 1 50 is formed on the wettable layer 1 40, and defined by exposure/development to 

Ell 
Ml 

til of the wettable layer 1 40 above the bonding pad 1 1 6. 

M 

ffi 



form least an opening 1 52 in the photoresist 1 50. The opening 1 52 exposes a portion 



[0009] In Fig. 4, a conductive material is filled into the opening 1 52 to form a conductive 



B 

P stud 160. The conductive stud 1 60 covers the exposed portion of the wettable layer 

B 

MJ 

P [0010] In Fig. 5, the photoresist 1 50 is removed by a conventional removing process until 
the UBM 1 42 beneath the photoresist 1 50 is exposed. The exposed UBM 1 42 is 
subsequently removed by etching to expose the passivation layer 1 14 thereunder, as 
shown in Fig. 6. Only the portion of the UBM 142 beneath the conductive stud 160 
exists. 

[001 1] In Fig. 7, a reflow process is performed to melt and reform the conductive stud 
160 into a ball-shaped bump 170. The bump 170 consists of the UBM 142 and 
conductive stud 1 60. 

[001 2] | n pig. 1 to Fig. 7, the conductive stud 1 60 is formed in the opening 1 52 of the 
photoresist by plating. The composition ratio of the conductive stud 160 formed by 
plating can not be precisely controlled, especially in the case of forming the 
conductive stud with high lead or no lead content. In the case of forming the leadless 
conductive stud, tin silver alloy, tin silver copper alloy or tin silver bismuth alloy is 
used as the material to form the leadless conductive stud. However, it is difficult to 
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control a plating liquid with a constant composition. 

Summary of Invention 

[001 3] It is one object of the invention to provide a bump forming process, in which a 
ratio of solder composition in a conductive stud can be well controlled and bumps 
with uniform height can be formed. 

[0014] It is another object of the invention to provide a bump forming process to form 
bumps with very small pitch there between. 

[001 5] It is still another object of the invention to provide a bump forming process, in 
h fc which an under ball metallurgy (UBM) is formed on a bonding pad of a wafer, and a 

p\ conductive stud is planted onto the UBM by wire bonding to form a bump. Thereby, 



metal particles inside the bump are prevented from diffusing into the wafer. 



ui 

si [0016] It is still another object of the invention to provide a leadless bump forming 



01 



process, in which an under ball metallurgy (UBM) is formed on a bonding pad of a 



p wafer, and a conductive stud is planted onto the UBM by wire bonding to form a 

pa* Dump. 

M 

111 

P [001 7] Here, if A is described to be located "on" B, it means A is directly located on and in 



Til 



[0018] 



contact with B, or A is located above B within a certain distance from B. 

In order to achieve the above and other objectives of the invention, a bump 
forming process is provided. A wafer having an active surface is provided. A 
passivation layer and at least one bonding pad exposed by the passivation layer are 
formed on the active surface of the wafer. In the process of the invention, an adhesive 
layer is formed on the active surface of the wafer to cover the bonding pad and the 
passivation layer. A barrier layer and a wettable layer are sequentially formed on the 
adhesive layer. A photomask with predetermined patterns is formed on the wettable 
layer by photolithography process, exposing a portion of the wettable layer where is 
not covered by the photomask pattern. The exposed portion of the wettable layer, 
along with the barrier layer and the adhesive layer under the exposed wettable layer, 
is then removed by etching to form an under ball metallurgy (UBM). After removing 
the photomask pattern, at least one conductive stud is bonded onto the wettable layer 
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by wire bonding. The material for the conductive stud can be tin/lead alloy, leadless 
alloy or pure tin. A reflow process is performed to shape the wire bond into a ball- 
shaped bump. 

[0019] In one aspect of the invention, the material for the adhesive layer can be titanium, 
titanium tungsten alloy, aluminum, or chromium, for example. The materialfor the 
barrier layer can be nickel vanadium alloy, chromium copper alloy, or nickel, for 
example. The material for the wettable layer can be copper, palladium, or gold. 

[0020] After the conductive stud is bonded onto the wettable layer and before the reflow 
process is performed, a polishing process can be further performed to smoothe a top 
profile of the wire bond. 

[0021] In the present invention, the conductive stud is bonded onto the UBM by wire 

bonding using a wire bonding machine. The material for making the conductive stud 
is the material of the wire filled in a bonding head of the wire bonding machine. In 
general, the wire filled in the bonding head of the wire bonding machine has a 
uniform composition. Therefore, the conductive stud formed of the wire has 
substantially the same phase change during reflow, which can form a bump with well- 
controlled height. Furthermore, with use of wire bonding, a bump with very small 
pitch can be formed. The wettable layer can be formed of a material which can be 
congruent with the conductive stud, so that the conductive stud is tightly fixed to the 
wafer. The material of the UBM is determined based on the material of the conductive 
stud in order to increase the bonding between the conductive stud and the wafer. The 
UBM can further prevent metal particles of the conductive stud from entering the 
wafer and thus prevent wafer failure because of diffusion of the metal particles into 
the wafer. 

Brief Description of Drawings 

[0022] It is to be understood that both the foregoing general description and the 

following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 

t 0023 -' The accompanying drawings are included to provide a further understanding of 
the invention, and are incorporated in and constitute a part of this specification. The 
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drawings illustrate embodiments of the invention and, together with the description, 
serve to explain the principle of the invention. In the drawings, 

[0024] Figs. 1 -7 are schematic views showing a conventional bump forming process; and 

[0025] Figs. 8-1 8 are schematic views showing a bump forming process according to one 
preferred embodiment of the invention. 

Detailed Description 

[0026] Reference will now be made in detail to the present preferred embodiments of the 
invention, examples of which are illustrated in the accompanying drawings. Whenever 
possible, the same reference numbers are used in the drawings and the description to 

p\ 

y t t refer to the same or like parts. 

m 



[0027] Fig. 8-1 8 are schematic views showing a bump forming process according to one 
preferred embodiment of the invention. Fig. 8 shows a wafer 3 1 0 having an active 



M 

pi surface 31 2. A passivation layer 314 and at least one bonding pad 31 6 exposed by 



pi the passivation layer 214 are formed on the active surface 312. An adhesive layer 320 

M.j covers the bonding pad 316 and the passivation layer 314. The adhesive layer 320 can 

jjj be formed of titanium, titanium tungsten alloy, aluminum, or chromium. A barrier 

layer 330 is formed on the adhesive layer 320 by sputtering or plating. The barrier 
layer 330 can be formed of nickel vanadium alloy, chromium copper alloy, or nickel. A 
wettable layer 340 is formed on the barrier layer 330 by sputtering or plating. The 
wettable layer 340 can be formed of copper, palladium, or gold. An under ball 
metallurgy (UBM) is thus accomplished. The UBM 342 includes the adhesive layer 320, 
the barrier layer 330 and the wettable layer 340. 

[0028] With reference to Fig. 10, a photomask with a predetermined pattern 350 is 

formed on the wettable layer 340 by photolithography process, exposing the wettable 
layer 340 where it is not covered by the photomask pattern 350. 

[0029] With reference to Fig. 1 1, the exposed portion of the wettable layer 340, along 
with the barrier layer 330 and the adhesive layer 320 under the exposed portion of 
the wettable layer 340, is then removed by etching to form an under ball metallurgy 
(UBM). The photomask pattern 350 is removed, as shown in Fig 1 2. 
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[0030] In Fig. 1 3, after removing the photomask pattern 350, at least one conductive 

stud is bonded onto the wettable layer 340 by wire bonding using a conventional wire 
bonding machine. The wire bonding machine is provided with a bonding head 360 
that has a capillary 362 to contain a wire 364. The wire 364 slides along the capillary 
362 and melts at one end 366 once subject to a high temperature by point 
discharging. The melted end 366 of the wire 364 forms a ball 368 by the cohesion 
action between metal ions. During the point discharging, a flow of inert gas is needed 
to prevent the high-temperature conductive stud 368 from being oxidized. 

With reference to Fig. 14, the ball 368 is bonded to the wettable layer 340 before 
becoming solidified. An ultrasonic wave is further applied to the junction between of 
the ball 368 and the wettable layer 340 to make the ball 368 and the wettable layer 
340 congruent. Thereby, the ball 368 is tightly bonded to the UBM 342. Then, the 
bonding head 360 is risen to separate the wire 364 from the ball 368, as shown in Fig. 
1 5. A conductive stud 370 is thus formed. The conductive stud 370 has a top surface 
372, and a bottom surface 374 that contacts the wettable layer 340. The material for 
the conductive stud 374 can be tin/lead alloy. The tin/lead alloy can contain 
expensive low- <x particles. Tin/lead alloys with various ratios of tin and lead, such as 
97Pb/3Sn, 95Pb/5Sn, or 63Sn/37Pb can be used in the invention to obtain the 
conductive stud 370. However, the conductive stud 370 can be also be formed of 
leadless alloy, such as tin copper alloy, tin silver alloy, tin magnesium alloy, tin zinc 
alloy, indium silver alloy, tin bismuth alloy, tin indium alloy, or bismuth indium alloy. 
Pure tin can be used to form the conductive stud 370, as well. A polishing or stamping 
process is optionally performed to flatten a topography 372 of the conductive stud 
370, as shown in Fig. 16. With the use of the polishing or stamping process, a volume 
of the conductive stud 370 on the UBM 342 can be controlled. As recited above, the 
volume of the conductive stud 370 can be controlled more precisely by means of 
controlling the volume of the ball 368 supplied by the wire bonding machine and 
determining the amount of the polished conductive stud 370. 

With reference to Fig. 1 7, a reflow process is performed to make the wire bond 
into at least a ball-shaped bump. A flux is applied onto the conductive stud. The 
conductive stud 370 is melted and forms a ball after being subjected to a high 
temperature. If the conductive stud 370 is a tin lead alloy of 95Pb/5Sn, then the 
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temperature for the reflow process is above 315 C. If the conductive stud 370 is a 
tin silver alloy of 96.5Sn/3.5Ag, then the temperature for the reflow process is above 

0 

221 C. A bump 380 consisting of the UBM 342 and the conductive stud 370 is thus 
formed. Subsequently, the wafer is sawed into a plurality of chips 31 8, as shown in 

Fig. 1 8. 

[0033] Alternatively, the conductive stud is bonded onto the UBM after die sawing. 

Furthermore, when the conductive stud bonded onto the UBM is so small that the 
reflow process is performed without polishing, the conductive stud can be bonded 
onto the UBM immediately after the UBM is formed. In this case, the conductive stud is 
used as an etching mask to define the UBM. Compared to the above method, the 

P photolithography process can be omitted in this case. 

P 

[0034] With reference to Figs. 8-1 8, in the method of the invention, the conductive stud 

111 370 is bonded onto the UBM by wire bonding using a wire bonding machine. The 



i : 
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m 



material for making the conductive stud is the wire 364 filled in a bonding head of the 
p wire bonding machine. In general, the wire filled in the bonding head of the wire 

[ji bonding machine has a uniform composition. Therefore, the conductive stud 370 

formed from the wire has substantially the same phase change during reflow, which 



P can form a bump 380 with well-controlled height. Besides, the conductive stud 370 

with uniform composition would not collapse during reflow. A minimum pitch 
between bumps formed by the method of the invention can be about 40 micron. 

[0035] Furthermore, with the use of wire bonding, a bump with very small pitch can be 
formed. The wettable layer can be formed of a material which can be congruent with 
the conductive stud, so that the conductive stud is tightly fixed to the wafer. The 
material of the UBM is determined based on the material of the conductive stud in 
order to increase the bonding between the conductive stud and the wafer. The UBM 
can further prevent metal particles of the conductive stud from entering the wafer and 
thus prevent wafer failure because of diffusion of the metal particles into the wafer. 

[0036] Although the specific examples of the material for the UBM are described in the 
embodiment of the invention, other materials that have been used to form the UBM in 
the art can be used in the invention. 
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[0037] The embodiment of the invention specifically describes that the UBM consists of 
three layers, the adhesive layer, the barrier layer and the wettable layer, but the 
number of the layers that form the UBM is not limited to three. For example, four 
conductive layers of chromium/ chromium copper alloy/copper/silver can form the 
UBM. Two conductive layers can also form the UBM, in which a lower metal layer is 
made of titanium tungsten alloy or titanium, and an upper metal layer is made of 
copper, nickel or gold. 

[0038] Furthermore, the bump formed by the method of the invention is not limited to be 
formed directly on an active surface of the wafer. If needed, a redistribution layer is 
formed on the wafer and then the bump is formed on the redistribution layer. 

p 

p [0039] In view of foregoing, the invention provides the following advantages over the 



prior art: 



h f j [0040] 1 .The bump is formed by wire bonding a conductive stud on the UBM. Because the 
0 s conductive stud is made of a wire that has a highly uniform composition, the 

p conductive stud bonded onto the UBM has a substantial uniform phase change during 

LP 

p reflow. Therefore, it is easy to control the height of the bump. 

w 

Q [0041] 2.A pitch between the bumps formed by wire bonding is up to about 40 micron, 
which is very small with respect to the current technology. 

[0042] 3.A leadless bump can be obtained according to the method of the invention to 
reduce environmental pollution. 

[0043] It will be apparent to those skilled in the art that various modifications and 

variations can be made to the structure of the present invention without departing 
from the scope or spirit of the invention. In view of the forgoing, it is intended that 
the present invention cover modifications and variations of this invention provided 
they fall within the scope of the following claims and their equivalents. 
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